Khan MRI, Parvez MT, Talukder MGS, Hossain MA and Karim MS (2018) Production and economics of carp polyculture in ponds stocked with wild and hatchery produced seeds. Journal of Fisheries 6(1): 541-548. DOI: 10.17017/jfish.v6i1.2018.306 Abstract Lack of quality carp seeds is one of the major problems for fish production in Bangladesh. This experiment was conducted during July to December 2013 to study the production and economics of carp polyculture using wild and hatchery produced seeds in ponds in Faridpur district, Bangladesh. Seeds of native major carps (NMCs) (Catla catla, Labeo rohita and Cirrhinus mrigala) and non-native carps (NNCs) (Hypophthalmichthys molitrix, Ctenophryngodon idella, Aristichthys nobilis and Cyprinus carpio) from four different sources were tested in feed and fertilizer based polyculture ponds under controlled mesocosm trials with four treatments (T 1 -T 4 ), each with four replications. Combination, weight and density of the stocked species were same for all the treatments. Water quality parameters were monitored monthly and mean values were found within suitable range for fish farming. Mean final weight, weight gain, specific growth rate and yield of L. rohita, C. catla and C. mrigala were found significantly (P < 0.05) higher with treatment T 1 , T 3 and T 2 respectively. Treatments T 1 , T 2 and T 3 varied more significantly (P < 0.05) than treatment T 4 for total fish yield and cost benefit ratio. Polyculture of wild sourced NMCs and hatchery produced NNCs were found more profitable than aquaculture of hatchery produced NMCs and NNCs.
| INTRODUCTION
Importance of carp polyculture to improve the fish production in Bangladesh is well documented (e.g. Azim and Wahab 2003; Hossain and Bhuiyan 2007; Asadujjaman and Hossain 2016) . The basic principle of fish polyculture system depends on the idea as compatible species of different feeding habits are cultured together in the same pond, the maximum utilization of all natural food sources takes place without harmful effects. The possibilities of increasing fish production through carp polyculture are found highest when compared with other systems (Talukdar et al. 2012) . Due to the progress in research and extension activities, aquaculture production in Bangladesh became almost double in last ten years and carp alone contributed 45.35% of total fish production in ponds (DoF 2017) . Also there are some constraints for the promotion of aquaculture in Bangladesh. One of the major constraints to increase fish production in Bangladesh is the non-availability of quality fish seed (Biswas et al. 2008 ). Poor quality fish seed production is largely related to poor management of brood stocks, inbreeding, hybridization and negative selection (Mamun and Mahamud 2014) . Keeping all other management same, use of quality seed could increase production even more than 30% (Barman et al. 2012) . Brood nutrition, pond fertilization, water quality etc. affect brood and seed quality, however, the process that hinders the genetic quality of the broods, if occurs, cannot be overcome, even if nutrition and pond management qualities are enhanced.
Hatchery seeds have significantly slower rates of growth (Shah 2010 ) and therefore, farmers are depending more on wild seeds for making profitable fish farming in ponds. The amount of spawn collection from rivers was 3326 kg in 2012 -13 (DoF 2014 and that of 4819 kg in 2015 -16 (DoF 2017 . The situation clearly indicates the necessity of identifying the best performing species to supply the quality seeds through proper development of the brood stock. There are four natural Indian major carp strain stocks in our Indian subcontinents-Halda stock, Brahmaputra-Jamuna stock, Ganga-Padma stock and Barak-Meghna stock (DoF 2012). Most of the research efforts on carp polyculture in ponds were carried out using hatchery produced carp seeds, no comprehensive research is done with attention on seed from different sources, water quality, species etc. This study aimed at evaluating the production and economics of carp polyculture in ponds stocked with wild (Padma, Jamuna and Halda rivers) and hatchery produced seeds. The specific objectives of this study were to monitor the water quality and fish growth; to evaluate yield and economics of carp polyculture, and thereby to recommend best performing seed sources for profitable carp polyculture in ponds.
| METHODOLOGY

| Location and duration of study
This experiment was carried out at Sadar upazila of Faridpur district, Bangladesh (23°55′89″N 89°84′59″E -23°62′94″N 89°86′17″E; elevation, 14 -22 m) for a period of six months from July to December 2013 in farmer managed earthen ponds (mean [± SD] area, 0.24 ± 0.02 ha; depth, 0.17 ± 0.12 m). All the ponds were rectangular in shape, rain-fed, perennial and well exposed (approximately six to eight hours) to sunlight.
| Experimental structure
The experiment was designed under Randomized Completely Block Design (RCBD) with four different treatments (T 1 -T 4 ) of varying sources (Padma River, Jamuna River, Halda River and hatchery) of fish seeds (native major carps [NMCs] 
| Collection of fish seeds
The wild or natural spawns of NMCs were directly collected from six spots of the three rivers (two spots in each river)-Padma (Sardha, 24°16'47.9"N 88°44'14.0"E; Boalia, 24°21'29.9"N 88°36'50.8"E), Jamuna (Fulchari Ghat, 25°18'44.3"N 89°37'19.0"E; Nakalia, 24°02'05.3"N 89°38'58.9"E) and Halda (Modunaghat, 22°25'59.8"N 91°52'23.8"E; Aunkurighona, 22°31'11.5"N 91°50'54.8"E) (Figure 1 ). The spawns of both NMCs and NNCs were also collected from Indrozit hatchery -a certified fish hatchery in Faridpur district, Bangladesh. Spawns were collected between June and July of the year 2012 and were subjected to nursery rearing for 35 days in farmer managed ponds followed by grow-out rearing before experimental trial under similar density and feeding.
| Pond preparation and stocking
Aquatic weeds form all the ponds were removed manu-ally before experiment. Unwanted fishes and other species were removed through repeated netting (seine net, mesh size of 12.5 mm). Besides, liming (CaO at the rate of 247 kg ha -1 as basal dose and 120 kg ha -1 month -1 as periodic dose) was done to maintain good water quality. To enhance the natural feed production, fertilization was also done by cowdung (basal dose, 2470 kg ha -1 ; periodic dose, 1235 kg ha -1 month -1 ), urea (basal dose, 50 kg ha -1 ; periodic dose, 25 kg ha -1 month -1 ) and Triple Super Phosphate (TSP; basal dose, 50 kg ha -1 ; periodic dose, 25 kg ha -1 month -1 ). Basal fertilization was done after three days of liming. Both liming and fertilization doses were maintained after Karim and Rahman (2013) . All the carp fingerlings were shifted from nursery rearing to farmer managed grow out ponds for stocking. The stocking was done early in the morning. 
| Supplementary feeding
Supplementary feed (dietary protein content of 24.25%) was used once daily between 9:00 and 11:00 AM with a mixture of rice bran (25%), wheat bran (25%), fish meal (25%) and mustard oil cake (25%). Supplementary feeding was done at the rate of 4.5% of fish body weight (6% for the first month, 5% for the next three months and 2% for the last two months). The quantity of feed was adjusted every month according to total biomass of fish obtained from the sampling as part of monitoring fish growth.
| Water quality monitoring
Important water quality parameters-water temperature, water transparency, pH, dissolved oxygen (DO), free carbon dioxide (CO 2 ), alkalinity and ammonianitrogen of water were monitored monthly between 8.00 and 10.00 am in the morning. A centigrade thermometer within the range of 0-120 °C was used to record the water temperature. Water transparency (cm) was recorded using a Secchi disk. pΗ of pond water was recorded with the help of a pΗ meter (YSI Model 60/10FT, USA). Dissolved oxygen content (mg L -1 ) of the pond water was recorded with the help of a dissolved oxygen meter (YSI MODEL 58, USA). Digital titration by the help of a HACH kit (FF-2, USA) was followed in determining the free carbon dioxide (mg L -1 ), alkalinity (mg L -1 ) and ammonia-nitrogen (mg L -1 ) of pond water.
| Fish growth monitoring and yield
Monthly sampling was done for fish growth monitoring.
In each sampling, 10% of the stocked fishes of each species were caught from each pond with the help of a seine net for the study of growth performances of fishes. Once the sampling was completed, fishes were subjected to release into the ponds without any harm. Several parameters were used to monitor growth of fishes after Brett and Groves (1979) as follows:
Initial weight (g) = Weight of fish at stock Where, W 1 and W 2 are the mean start and end weight (g fish -1 ) and t 1 and t 2 (days) are the start and end of the period.
Survival rate (%) = 100
Net yield (kg ha -1 ) = Fish biomass at harvest -Fish biomass at initial stocking
| Economics of carp polyculture
A simple cost-benefit analysis was followed to explore the economics of carp polyculture under different treatments. At the end of the study, fishes were harvested and sold to local market. Cost-benefit analysis of different treatments was calculated on the basis of the cost of lime, ash, fertilizer, fish seed and labor used; and the income from the sale of fishes. The prices are expressed in Bangladesh currency (BDT; 80 BDT = 1 USD). Prices of inputs and fish corresponded to wholesale market prices in 2013 of Faridpur, Bangladesh. Net benefit and cost-benefit ratio (CBR) were calculated as follows:
Where, R refers to net benefit; I, total income from fish sold; Fc for fixed costs, Vc for variable costs and Ii for interests on input costs.
Cost-Benefit Ratio (CBR) = !
| Data analysis
Data on water quality parameters, fish growth and yield, and economics of carp polyculture under different treatments were subjected to one way Analysis of Variance (ANOVA) using SPSS (Statistical Package for the Social Sciences, version 15). Before analysis, the normality of data was checked. The mean values were also compared by Duncan Multiple Range Test (DMRT; Gomez and Gomez 1984) with an α level of significance of 0.05. All data were expressed as mean ± standard error (SE).
| RESULT AND DISCUSSION
| Water quality
Treatments had no significant effect on the water quality parameters (Table 2 ). The mean values of water temperature, transparency, pH, DO, free CO 2 , total alkalinity and ammonia-nitrogen varied from 26.58 ± 0.97 -26.75 ± 1.08 °C, 35 ± 0.83 -37.17 ± 0.86 cm, 7.38 ± 0.11 -7.57 ± 0.1, 5.3 ± 0.13 -85. Hossain et al. (2008) also reported similar water quality parameters in polyculture ponds: water temperature (25.6 -25.8 °C), DO (5.3 -5.6 mg L -1 ), pH (7.7 -7.9) and transparency (28.5 -29.7 cm). Water temperature from 27.1 -28.7 °C, DO from 5.2 -5.9 mg L -1 , transparency from 18.2 -25.5 cm and pH from 8 to 8.2 were also reported in polyculture pond (Ahmad et al. 2013) . More or less similar water quality parameters were also reported by Mamun and Mahmud (2014) . The mean values of water quality parameters in this study were found within the suitable range for fish culture (Alikunhi 1957; Swingle 1967; Boyd 1998 ).
| Fish growth
Significant variation (P < 0.05) among the treatments in terms of final weight, weight gain and SGR was found for NMCs (Table 3) . Weight variation of the harvested fishes might be due to species type, availability of food according to choice and feeding frequency and the interactions among species (Habib et al. 2003) . The mean final weight of H. molitrix, C. carpio and C. idella varied between 580 -598 g, 540 -567 g and 516 -542.5 g respectively in a carp polyculture pond (Hossain et al. 2008) . The mean weight gain of NMCs were 469.03 g (L. rohita), 347.9 g (C. catla) and 321.67 g (C. mrigala) in polyculture where the initial mean weight was 291.07, 230 and 198 g respectively (Mamun and Mahmud 2014) . SGR of H. molitrix, C. catla, L. rohita, C. mrigala, C. carpio and C. idella was 1.14 ± 0.31, 1.14 ± 0.32, 0.95 ± 0.26, 1.05 ± 0.25, 1.09 ± 0.28 and 1.31 ± 0.3 respectively in carp polyculture pond (Asadujjaman and Hossain 2016) . No significant variation among the treatments in survival rate was found. The survival rate rates of L. rohita (85.42%), C. mrigala (81%) and C. catla (80%) as reported by Mamun and Mahmud (2014) was more or less similar to the present study. 
| Fish yield
Yield of all NMCs and H. molitrix varied significantly (P < 0.05) among the treatments. The total fish yield also varied significantly (P < 0.05) from 3743.3 ± 59.18 (in T 4 ) to 4011.2 ± 90.98 (in T 1 ) kg ha -1 6-month -1 (Table 4 ). The yearly yield of H. molitrix, C. carpio and C. idella was recorded as 1920, 1304 and 1164 kg ha -1 respectively with a stocking density of 10000 individuals ha -1 and species combination of 40% silver carp, 30% common carp and 30% grass carp (Hossain et al. 2008 ). The yearly fish production is found to be ranged as 3119 to 4067 kg ha -1 in the traditional carp polyculture system in Bangladesh (Hossain et al. 1997; Mazid et al. 1997) . (P <0.05) Yearly fish yield of 3400 -6800 kg ha -1 has been observed from the earthen polyculture ponds of northeast Indian region (Shing et al. 2013) . The yield of carp polyculture was found as 5361.5 -11321.7 kg ha -1 yr -1 (Hosen et al. 2014) . Similar total yield (3675.33 kg ha -1 6-month -1 ) was also reported in carp polyculture pond (Asadujjaman and Hossain 2016) . 
| Economics of carp polyculture
The mean total cost varied from 349300 (in T 3 ) to 351310 (in T 2 ) BDT ha -1 6-month -1 . The net half yearly return (BDT ha -1 ) and CBR significantly (P < 0.05) varied from 434540 (T 4 ) to 497290 (T 1 ) and 1.24 (T 4 ) to 1.42 (T 1 ) respectively (Table 5 ). In a carp polyculture system, the total cost, net return and net benefit (all as BDT ha Overall findings indicated that mean water quality parameters were found within the suitable range for fish farming in pond. Growth (in terms of mean final weight, weight gain and SGR) and yield of L. rohita was significantly higher with treatment T 1 (NMCs from the Padma) and that of C. catla and C. mrigala was significantly higher with treatment T 3 (NMCs from the Halda) and treatment T 2 (NMCs from the Jamuna) respectively. Net yield of L. rohita of treatment T 1 was 4.58% higher than treatment T 2 , 9.49% than that of treatment T 3 and 12.61% than treatment T 4 . Net yield of C. catla of treatment T 3 was 6.47%, 7.13% and 11.27% higher than treatment T 1 , T 2 and T 4 respectively. Net yield of C. mrigala of treatment T 2 was 8.42%, 6.63% and 13.9% higher than treatment T 1 , T 3 and T 4 respectively. Such variation in growth and yield with NMCs under different wild sources might be due to the natural phenomenon of the seed quality of these sources. However, for total fish yield and CBR, no significant difference was found among the treatments T 1 , T 2 and T 3 and these three treatments (stocked with wild sourced NMCs) varied more significantly than treatment T 4 (stocked with hatchery produced seeds).
Findings clearly indicated that carp polyculture of wild seeds performed better in terms of growth, yield and economics over hatchery produced seeds. Thus, such variation between hatchery and wild seeds may be due to the quality degradation of the hatchery produced seeds. Almost similar assumption was made by Iram et al. (2013) who reported that the Chinese carps had an innate affinity towards rapid growth whereas the native major carps lost the vitality to grow fast due to continuous propagation. Present findings also agreed with Shah (2010) who found comparatively slower growth rates of hatchery produced carps than that of wild sources and also with Biswasi et al. (2008) who reported best performances of wild sourced carp seeds (seeds from Halda River) over hatchery produced carp seeds in polyculture study.
| CONCLUSION
Carp polyculture of wild sourced NMCs were more profitable than that of hatchery produced seeds. Growth and yield performances of NMCs like L. rohita, C. catla and C. mrigala were found better with Padma, Halda and Jamuna Rivers respectively. Further research is recommended to find out the profitable stocking combination of these better performed wild sourced NMCs with hatchery produced non-native carps in pond polyculture system.
